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Description 



[METHODS AND APPARATUS FOR 
DEFECT ISOLATION] 

Background of Invention 
[0001] FIELD OF THE INVENTION 

[0002] The present invention relates generally to integrated cir- 
cuits, and more particularly to methods and apparatus for 
defect isolation within integrated circuits. 

[0003] BACKGROUND 

[0004] a circuit design may include a plurality of latches, such as 
shift register latches (SRLs), catenated to form a level sen- 
sitive scan design (LSSD) scan chain. If a circuit design is 
determined to be defective, existing test methods (e.g., 
scan based design methodologies) may be used for test- 
ing and diagnosing the circuit design. More specifically, 
the scan based design test methodologies may be used to 
identify a faulty latch (e.g., SRL) included in a LSSD scan 
chain. However, when the LSSD scan chain is defective and 



access to the internal logic of the circuit design is greatly 
reduced, rapid and accurate diagnosis of the fault or de- 
fect using such test methodologies is inhibited. 
[0005] Existing test methodologies are not precise and/or fool- 
proof. For example, software fault simulation techniques 
may be used to try to isolate a failing latch in a LSSD scan 
chain. However, such techniques consume processing 
time and may not be used when all LSSD scan chains in- 
cluded in the circuit design are broken (e.g., faulty). Fur- 
ther, software fault simulation techniques may often point 
to a set of possible faulty candidates (e.g., more than one 
latch included in the LSSD scan chain) rather than a single 
faulty latch. 

[0006] Another method of testing and diagnosing (e.g., isolating 
a defect in) defective LSSD scan chains in a circuit design 
may include a noise injection or insertion technique. The 
noise injection or insertion technique involves partially 
powering-down, then powering-up the circuit design and 
scanning out data hoping that the latch after the fault in 
the circuit design will include the opposite value of the 
fault. However latches are usually asymmetrical, and 
therefore, tend to receive the same logic state after a 
power-down and subsequent power-up. Alternatively, ex- 



ternal latch disturb techniques (e.g., using a laser, etc.) 
may be employed to test and diagnose LSSD scan chains. 
However, these external techniques are more suitable for 
Physical Failure Analysis (PFA). 
[0007] Another method of testing and diagnosing (e.g., isolating 
a defect in) defective LSSD scan chains in a circuit design 
may include a lateral insertion technique, in which the 
broadside (e.g., data) port of one or more latches included 
in a LSSD scan chain are used to input (e.g., load) data to 
the one or more latches. Thereafter, the values may be 
unloaded for diagnosing the faulty LSSD scan chain. How- 
ever, such a method requires excessive test generation. 
For example, data may be inputted to one or more latches 
included in the faulty LSSD scan chain via the broadside 
port of the one or more latches, and thereafter, scanned 
out of the LSSD scan chain until a faulty latch is found. 
The lateral insertion technique is not always feasible or 
successful. 

[0008] By improving the diagnostic time for isolating a failing 

latch in a LSSD scan chain of the circuit design, improve- 
ments may be made quickly to the manufacturing yield of 
the circuit design, thereby ensuring successful and timely 
production of the circuit design. Therefore methods and 



apparatus for testing and diagnosing (e.g., isolating a de- 
fect in) a LSSD scan chain are desired. 
Summary of Invention 

[0009] | n a fj rs t aspect of the invention, a first method is pro- 
vided for isolating a defect in a scan chain. The first 
method includes the steps of (1) modifying a first test 
mode (e.g., "flush" test mode) of one or more of a plural- 
ity of latches included in the scan chain; (2) operating the 
one or more latches whose first test modes are modified 
in the modified first test mode; and (3) operating one or 
more of the plurality of latches included in the scan chain 
in a second test mode (e.g., "scan" test mode). 

[0010] | n a second aspect of the invention, a second method is 

provided for isolating a defect in a scan chain. The second 
method includes the steps of (1) modifying a first test 
mode of one or more of a plurality of latches included in 
the scan chain; (2) while inputting a first value to the scan 
chain, operating the one or more latches whose first test 
modes are modified in the modified first test mode to 
store a first set of data in the scan chain; (3) operating 
one or more of the plurality of latches included in the scan 
chain in a second test mode to output the first set of data; 
(4) while inputting a second value to the scan chain, oper- 



ating the one or more latches whose first test modes are 
modified in the modified first test mode to store a second 
set of data in the scan chain; (5) operating one or more of 
the plurality of latches included in the scan chain in the 
second test mode to output the second set of data; and 
(6) employing the first set of data and the second set of 
data to isolate a defect in the scan chain. 

[001 1] | n a third aspect of the invention, a third method is pro- 
vided for testing and diagnosing a scan chain. The third 
method includes the steps of (1) altering the function of 
the scan chain flush test mode; and (2) employing the 
flush test mode to test and diagnose the scan chain. Nu- 
merous other aspects are provided, as are apparatus in 
accordance with these other aspects of the invention. 

[0012] other features and aspects of the present invention will 
become more fully apparent from the following detailed 
description, the appended claims and the accompanying 
drawings. 
Brief Description of Drawings 

[0013] FIG. 1 is a block diagram of an exemplary LSSD scan 

chain, which may be included in a circuit design, in accor- 
dance with an embodiment of the present invention. 

[0014] FIG. 2 is a block diagram of a first exemplary latch circuit 



included in one or more portions of the LSSD scan chain in 
accordance with an embodiment of the present invention. 

[0015] FIG. 3 illustrates an exemplary method of isolating a de- 
fect in a LSSD scan chain in accordance with an embodi- 
ment of the present invention. 

[0016] FIG. 4 illustrates values stored in an exemplary LSSD scan 
chain when a signal of a low logic state is asserted at the 
input of the LSSD scan chain while the LSSD scan chain is 
operating in the modified first test mode in accordance 
with an embodiment of the present invention. 

[0017] FIG. 5 illustrates values stored in the exemplary scan 

chain of FIG. 4 when a signal of a high logic state is as- 
serted at the input of the LSSD scan chain while the LSSD 
scan chain is operating in the modified first test mode in 
accordance with an embodiment of the present invention. 

[0018] FIG. 6 illustrates first exemplary values stored in a first 

exemplary defective LSSD scan chain using the method of 
FIG. 3. 

[0019] FIG. 7 illustrates second exemplary values stored in the 
first exemplary defective LSSD scan chain using the 
method of FIG. 3. 

[0020] FIG. 8 illustrates first exemplary values stored in a second 
exemplary defective LSSD scan chain using the method of 



FIG. 3. 

[0021] FIG. 9 illustrates second exemplary values stored in the 
second exemplary defective LSSD scan chain using the 
method of FIG. 3. 

[0022] FIG. 10 is a block diagram of a second exemplary latch 

circuit which may be included in a LSSD scan chain in ac- 
cordance with an embodiment of the present invention. 

[0023] FIG. 11 is a block diagram of a first exemplary LSSD scan 
chain including one or more second exemplary latch cir- 
cuits in accordance with an embodiment of the present 
invention. 

[0024] FIG. 12 is a block diagram of a second exemplary scan 
chain including one or more second exemplary latch cir- 
cuits in accordance with an embodiment of the present 
invention. 

[0025] FIG. 13 is an exemplary embodiment of the first latch cir- 
cuit of FIG. 2 in accordance with an embodiment of the 
present invention. 
Detailed Description 

[0026] FIG. 1 is a block diagram of an exemplary scan chain (e.g., 
a level sensitive scan design (LSSD) scan chain), which may 
be included in a circuit design 100, in accordance with an 
embodiment of the present invention. An LSSD scan chain 



102 included in the circuit design 100 may include an in- 
put 104, a plurality of portions 106, 108 and an output 
110. A portion 106, 108 may include one or more latches 
(not shown), one or more macros (not shown) or one or 
more partitions (not shown) of a macro. A latch (e.g., latch 
circuit) may include an LI latch included in a master/slave 
latch, an L2 latch included in the master/slave latch or the 
master/slave latch itself. A macro may be circuitry 
adapted to perform a sub-function of the overall function 
of the circuit design 100. Each macro and/or partition of a 
macro may include one or more latches (e.g., latch circuit) 
modified in accordance with the present invention. 
[0027] As stated, during production of a circuit design 100, one 
or more scan chains (e.g., LSSD scan chains 102) included 
in the circuit design 100 may be defective. For example, a 
LSSD scan chain 102 included in the circuit design 100 
may exhibit a defect, such as a DC defect. LSSD scan 
chains 102 may exhibit other types of defects. A DC de- 
fect may include a stuck-@-0 fault or defect or a stuck- 
@-l fault or defect. A stuck-@-0 fault may cause the out- 
put of a portion 106, 108 of the LSSD scan chain to be of 
a low logic state (e.g., 0) regardless of a value stored by 
the portion 106, 108 (e.g., by a latch included in the por- 



tion 106, 108) of the LSSD scan chain 102. Similarly, a 
stuck-@-l fault causes the output of a portion 106, 108 
of the LSSD scan chain 102 to be of a high logic state 
(e.g., 1) regardless of a value stored in the portion 106, 
108 (e.g., by a latch included in the portion 106, 108) of 
the LSSD scan chain 102. 
[0028] using the methods and apparatus of the present inven- 
tion, a portion 106, 108 adjacent and following a stuck- 
@-0 or stuck-@-l fault in a LSSD scan chain 102 may 
store and/or output a value complementary to the value 
on the output of the previous portion of the LSSD scan 
chain 102 due to the fault (e.g., DC defect). Such values 
may be unloaded from the LSSD scan chain 102 and used 
for diagnosing (e.g., isolating a defect in) the defective 
LSSD scan chain 102. For example, if a stuck-@-0 fault 
causes the output of a portion 106 to be of a low logic 
state (e.g., 0), according the present methods and appa- 
ratus, the output of a portion 108 adjacent and following 
the stuck-@-0 fault will be complementary to the output 
of the previous portion 106. Therefore, the value stored 
and/or outputted by the portion 108 adjacent and follow- 
ing the stuck-@-0fault is of a high logic state (e.g., 1). 
The values stored by each portion 106, 108 of the LSSD 



scan chain may be unloaded for diagnosing the defective 
LSSD scan chain 102. 
[0029] FIG. 2 is a block diagram of a first exemplary latch circuit 
200 included in one or more portions 106, 108 of the 
LSSD scan chain in accordance with an embodiment of the 
present invention. The first exemplary latch circuit 200 
(e.g., a shift register latch (SRL)) may include a logic de- 
vice, such as an exclusive-OR (XOR) gate 202, coupled to 
a master/slave latch 204, which includes an LI latch 206 
coupled to an L2 latch 208. More specifically, the XOR 
gate 202 may receive a first input from a previous portion 
106, 108 (e.g., an output of a previous first exemplary 
latch circuit 200) included in the LSSD scan chain 102. The 
XOR gate 202 may receive a second input (e.g., clock sig- 
nal b/c2-clk), which may be the clock signal inputted to 
the L2 latch 208. The output of the XOR gate 202 may be 
coupled to the scan input of the LI latch 206. The output 
of the L2 latch 208 serves as the output of the first exem- 
plary latch circuit 200. The output of the first exemplary 
latch circuit 200 may be coupled to a portion (e.g., an- 
other first exemplary latch circuit 200) adjacent and fol- 
lowing the first exemplary latch circuit 200 in the LSSD 
scan chain 102. Although in the above embodiment, the 



XOR gate 202 is integrated with the first exemplary latch 
circuit 200, in other embodiments, the XOR gate 202 may 
be coupled to the first exemplary latch circuit 200 (e.g., as 
an external device). 

[0030] similar to a conventional master/slave latch, the LI latch 
206 may receive data input from a data port. The LI latch 
206 may be coupled to a first clock signal, a-clk, for cap- 
turing data in the LI latch 206 while operating in a test or 
scan mode, and a second clock signal, cl-clk for captur- 
ing data in the LI latch 206 while operating in a functional 
mode. The L2 latch 208 may be coupled to the clock sig- 
nal, b/c2-clk, which is coupled to the XOR gate 202. The 
b/c2-clk signal may be used for loading data into the L2 
latch and launching data from the L2 latch 208 to an out- 
put of the first exemplary latch circuit 200. 

[0031] The first exemplary latch circuit 200 may be operated in 
at least one of a functional mode, a first test mode and a 
second test mode. Assuming cl-clk and b/c2-clk are 
non-overlapping in the functional mode, data provided to 
the first exemplary latch circuit 200 via a data port is cap- 
tured by the LI latch 206 when cl-clk is asserted. Data is 
launched from the L2 latch 208 when b/c2-clk is as- 
serted. In one or more embodiments, a clock signal may 



be asserted when the clock signal is of a high logic state. 
In other embodiments, a clock signal may be asserted 
when the clock signal is of a low logic state. The first test 
mode of a conventional master/slave latch may be a flush 
test mode in which the same values may be propagated 
through each latch in a LSSD scan chain. In contrast, dur- 
ing the first test mode (e.g., modified flush test mode 
(Ripple Flush)) of the first exemplary latch circuit 200, 
data received by the first exemplary latch circuit 200 from 
a previous adjacent portion 106, 108 of the LSSD scan 
chain 102 may be inverted and stored in the first exem- 
plary latch circuit 200. The first exemplary latch circuit 
200 operates in the first test mode (e.g., modified flush 
test mode) when both a-clk and b/c2-clk are asserted at 
the same time. 

[0032] | n t he second test mode (e.g., a scan mode), data received 
by the first exemplary latch circuit 200 from a previous 
adjacent portion 106, 108 of the LSSD scan chain 102 via 
a scan port may be stored in the first exemplary latch cir- 
cuit 200. Assuming a-clk and b/c2-clk are non- 
overlapping, in the second test mode (e.g., scan mode) 
when a-clk is asserted data (e.g., input data from an adja- 
cent and previous portion 106, 108 of the LSSD scan chain 



102) may be stored in the LI latch 206. Because b/c2-clk 
is not asserted to load data into the LI latch 206 during 
the second test mode, the XOR gate 202 does not invert 
the input data. When b/c2-clk is asserted, the data may 
be launched from the L2 latch 208 (e.g., to an adjacent 
and following portion 106, 108 of the LSSD scan chain 
102). 

[0033] The operation of the integrated circuit (IC) on which a 

method of testing and/or diagnosing (e.g., isolating a de- 
fect in) a scan chain (e.g., LSSD scan chain 102) may be 
performed is now described with reference to FIGS. 1-2, 
and with reference to FIG. 3 which illustrates an exem- 
plary method of isolating a defect in a LSSD scan chain 
102. With reference to FIG. 3, in step 302, the method 
300 begins. In step 304, a first test mode of one or more 
of a plurality of latches included in the LSSD scan chain 
may be modified. When a conventional master/slave latch 
included in a LSSD scan chain is operated in a first test 
mode (e.g., when both a-clk and b/c2-clk are asserted) 
data received from a previous adjacent portion (e.g., mas- 
ter/slave latch) in the LSSD scan chain is stored in and 
launched from the conventional master/slave latch. In this 
manner, data (e.g., the same value) may be stored in and 



propagated through one or more latches included in the 
LSSD scan chain. In contrast, the first test mode of the 
latch 204 included in the first exemplary latch circuit 200 
of the present invention is modified by a logic device, 
such as an XOR gate 202. More specifically, to operate in 
the first test mode, both a-clk and b/c2-clk coupled to 
the first exemplary latch circuit 200 are asserted (e.g., 
both a-clk and b/c2-clk are of a high logic state). Alter- 
natively, other combinations of clock polarities may be 
employed. Because b/c2-clk input by the XOR gate 202 is 
asserted, the XOR gate 202 serves as an inverter while the 
first exemplary latch circuit 200 operates in the first test 
mode. Therefore, the data inputted by the XOR gate 202 
from a previous adjacent portion 106, 108 (e.g., a previ- 
ous adjacent first exemplary latch circuit 200, such as SRL 
. ^of the LSSD scan chain 102 is inverted, then stored in 
the LI latch 206 and launched out of the L2 latch 208, 
and therefore, launched out of the first exemplary latch 
circuit 200 to the next portion 106, 108 (e.g., a following 
adjacent first exemplary latch circuit 200, such as SRL ) 
of the LSSD scan chain 102. Therefore, by coupling an 
XOR gate 202 to the scan input of LI latch 206 of a mas- 
ter/slave latch 204 for one or more of a plurality of mas- 



ter/slave latches 204 included in a LSSD scan chain to 
form one or more first exemplary latch circuits 200, a first 
test mode of one or more of a plurality of latches included 
in the LSSD scan chain is modified. More specifically, the 
first test mode (e.g., flush test mode) is modified such 
that adjacent portions of a non-defective section of the 
LSSD scan chain 102 may store complementary signals 
when the one or more of the plurality of latches included 
in the LSSD scan chain 102 are operated in the modified 
first test mode. Thereafter, step 306 may be performed. 
[0034] | n s tep 306, one or more latches whose first test modes 
are modified are operated in the modified first test mode 
(e.g., modified flush mode). More specifically both a-clk 
and b/c2-clk will be asserted for a period of time to allow 
the LSSD scan chain 102 to be initialized. During initial- 
ization, data may be stored in each of the first exemplary 
latch circuits 200 (e.g., latches 204 included in the first 
exemplary latch circuits 200). For example, if a LSSD scan 
chain 102 includes a plurality of catenated first exemplary 
latch circuits 200, operating the one or more latches (e.g., 
latches included in the first exemplary latch circuits 200) 
whose first test modes are modified may include initializ- 
ing the value stored in the one or more latches whose first 



test mode are modified such that adjacent portions 106, 
108 (e.g., first exemplary latch circuits 200) of a non- 
defective section of the LSSD scan chain store comple- 
mentary signals. Therefore, an alternating set of comple- 
mentary values may be propagated through and stored in 
the LSSD scan chain 102. Once the LSSD scan chain 102 is 
initialized, a-clk may be disasserted (e.g., turned off) be- 
fore b/c2-clk. In this manner, the latch (e.g., first exem- 
plary latch circuit 200) after the defect may store a value 
opposite the value caused by the defect. Exemplary values 
stored in a LSSD scan chain 102 while operating one or 
more latches (e.g., first exemplary latch circuits 200) 
whose first test modes are modified in the modified first 
test mode are described with reference to FIG. 4. Further, 
output responses (e.g., of the LSSD scan chain) may be 
analyzed and compared to expected results. An equivalent 
of a conventional "flush delay" test, which determines the 
total delay of the latches in a scan chain, may still be per- 
formed. Thereafter, step 308 is performed. 
[0035] | n s tep 308, one or more of the plurality of latches in- 
cluded in the LSSD scan chain 102 may be operated in a 
second test mode. The second test mode may be a scan 
mode. As stated above, while operating in the second test 



mode (e.g., scan mode), a-clk and b/c2-clk may be non- 
overlapping. More specifically, when a-clk is asserted, b/ 
c2-clk is not asserted and vice versa. Therefore, when a- 
clk (connected to a first exemplary latch circuit 200) is as- 
serted, the XOR gate 202 included in the first exemplary 
latch circuit 200 receives input from a previous portion 
106, 108 of the LSSD scan chain and from b/c2-clk, which 
is not asserted (e.g., is of a low logic state). Because b/ 
c2-clk is a low logic state, the XOR gate 202 is non- 
inverting. Consequently, when a-clk is asserted, the LI 
latch 206 captures the data (e.g., the data received from 
the previous adjacent portion 106, 108) inputted by the 
XOR gate 202. Thereafter, when b/c2-clk is asserted, the 
data is launched from the L2 latch 208, and therefore, 
outputted from the first exemplary latch circuit 200. In 
this manner, data may be loaded into the LSSD scan chain 
102 and/or unloaded from the LSSD scan chain 102 while 
one or more of the plurality of latches in the LSSD scan 
chain 102 (e.g., latches included in first exemplary latch 
circuit 200) are operated in the second test mode (e.g., 
scan mode). For example, as new data is stored in the 
LSSD scan chain 102, data previously stored in the LSSD 
scan chain 102 may be propagated through and/or out- 



putted by the LSSD scan chain 102. By observing the sig- 
nals at the output 110 of the LSSD scan chain 102 while 
operating one or more of the plurality of latches included 
in the LSSD scan chain 102 in the second test mode (e.g., 
scan mode), the data stored may be viewed as it is un- 
loaded from the LSSD scan chain 102. Further, output re- 
sponses (e.g., of the LSSD scan chain) may be analyzed 
and compared to expected results. 

[0036] Thereafter, step 310 may be performed. In step 310, the 
method 300 ends. 

[0037] Through the use of the method 300 of FIG. 3, a defect in a 
scan chain (e.g., a LSSD scan chain 102) may be isolated 
(e.g., to a failing latch or an associated scan clock tree). 
The present methods and apparatus avoid the disadvan- 
tages of the prior art (described above) and allow a user to 
quickly determine the exact position of a failing latch in a 
LSSD scan chain and modify a circuit design which in- 
cludes the LSSD scan chain accordingly, if necessary. A 
circuit modification is necessary to overcome a defect in a 
scan chain resulting from a design error. However, gener- 
ally, a defect is introduced in the scan chain due to a pro- 
cess problem. For example, the first test mode (e.g., flush 
test mode) of one or more of a plurality of latches in- 



eluded in a LSSD scan chain 102 may be modified by cou- 
pling the one or more latches to logic devices, such as 
XOR gates 202, respectively. The one or more latches 
whose first test modes are modified may be operated in 
the modified flush test mode such that an alternating set 
of complementary values are stored in adjacent portions 
(e.g., latches) 106, 108 included in the LSSD scan chain 
102. Thereafter, one or more of the plurality of latches in- 
cluded in the LSSD scan chain 102 may be operated in the 
second test mode. 
[0038] For example, data of a low logic state (e.g., 0) may be 
provided to the input 104 of the LSSD scan chain 102 
while the LSSD scan chain 102 (e.g., one or more latches 
included in the LSSD scan chain 102 whose first test mode 
is modified) operates in the modified first test mode to 
initialize the LSSD scan chain 102. Such a method may be 
termed a Ripple Flush "0". Thereafter, one or more of the 
plurality of latches included in the LSSD scan chain 102 
may be operated in the second test mode (e.g., scan 
mode) to unload (and observe) the data stored in the LSSD 
scan chain 102 while operating in the modified first test 
mode. 

[0039] Similarly, data of a high logic state (e.g., 1) may be pro- 



vided to the input of the LSSD scan chain 102 while the 
LSSD scan chain 102 (e.g., one or more latches included in 
the LSSD scan chain 102 whose first test modes are modi- 
fied) operates in the modified first test mode to initialize 
the LSSD scan chain 102. Such a method may be termed a 
Ripple Flush "1". Thereafter, one or more of the plurality 
of latches included in the LSSD scan chain 102 may be 
operated in the second test mode. By employing (e.g., 
comparing) the data unloaded from the LSSD scan chain 
102 after a Ripple Flush "0" with the data unloaded from 
the LSSD scan chain 102 after a Ripple Flush "1", a defect 
in the LSSD scan chain 102 may be isolated. More specifi- 
cally, by observing the cycle on which the scan chain out- 
put switches for both a Ripple Flush "0" (e.g., a true flush 
initialization sequence) and a Ripple Flush "1" (e.g., a 
complement flush initialization sequence), the failing LSSD 
scan chain 102 (e.g., location of the failing latch) may be 
diagnosed. The number of latches (e.g., latch circuits) in- 
cluded in the LSSD scan chain 102 and the location of the 
logic transitions during a Ripple Flush "0"and a Ripple 
Flush "1" may be used to identify (e.g., pinpoint) the fail- 
ing latch (e.g., exemplary latch circuit 200). Therefore, a 
knowledge of the scan chain configuration may be used to 



determine the failing latch nearest the output of a scan 
chain. Special patterns (e.g., data patterns) and offline di- 
agnostic processing are not necessary. 

[0040] By modifying a first test mode of one or more of a plural- 
ity of latches included in a LSSD scan chain, the function 
of the LSSD scan chain flush test mode may be altered. 
The flush test mode may be employed to test and diag- 
nose the LSSD scan chain. The scan mode may be em- 
ployed to test and diagnose the LSSD scan chain. In the 
manner described above, the function of the LSSD scan 
chain flush test mode may be altered such that an alter- 
nating set of complementing states are propagated 
through the LSSD scan chain. More specifically, the func- 
tion of the LSSD scan chain flush test mode may be al- 
tered by altering the LSSD scan chain path input to one or 
more latches included in the LSSD scan chain such that 
the one or more latches write the scan input when the 
flush test mode is employed. 

[0041] FIG. 4 illustrates values stored in an exemplary scan chain 
(e.g., LSSD scan chain 102) when a signal of a low logic 
state is asserted at the input of the LSSD scan chain 102 
while the LSSD scan chain 102 is operating in the modified 
first test mode (e.g., modified flush test mode). The ex- 



emplary LSSD scan chain 102 may include latches modi- 
fied in accordance with the present invention to form one 
or more first exemplary latch circuit 200 (e.g., SRLs). For 
example, seven first exemplary latch circuits 200 may be 
catenated to form a LSSD scan chain 102. Scan chains may 
include other numbers of latches (e.g., latch circuits). 
When a low signal is provided to the input 104 of the LSSD 
scan chain 102 while the LSSD scan chain 102 is operating 
in the modified first test mode (e.g., modified flush test 
mode), the signal stored and outputted by the first SRL 
Relative Stim latch (RSL) 1 included in the LSSD scan chain 
102 may be the complement of the signal inputted to the 
LSSD scan chain 102. The signal stored and outputted by 
the second SRL RSL2 included in the LSSD scan chain 102 
may be the complement of the signal stored and out- 
putted by the first SRL RSL1. Data may be stored and out- 
putted by each of the remaining SRLs RSL3-RSL7 included 
in the LSSD scan chain 102 in a similar manner. For exam- 
ple, assuming the LSSD scan chain 102 is non-defective, 
the values stored in and outputted by RSL7-RSL1 are 1, 0, 
1, 0, 1, 0 and 1, respectively. The values stored in the 
LSSD scan chain 102 while operating in the modified first 
test mode may be unloaded and observed (e.g., by ob- 



serving the signals on the output 110 of the LSSD scan 
chain 102) while operating the LSSD scan chain 102 in a 
second test mode (e.g., a scan mode). 
[0042] FIG. 5 illustrates values stored in the exemplary scan 

chain (e.g., LSSD scan chain 102) of FIG. 4 when a signal 
of a high logic state is asserted at the input 104 of the 
LSSD scan chain 102 while the LSSD scan chain 102 is op- 
erating in the modified first test mode (e.g., modified 
flush test mode). When a signal of a high logic state is 
provided to the input 104 of the LSSD scan chain 102 
while the LSSD scan chain 102 is operating in the modified 
first test mode (e.g., modified flush mode), the signal 
stored and outputted by the first SRL RSL1 of the LSSD 
scan chain 102 may be the complement of the signal in- 
putted by the LSSD scan chain 102. Therefore, the signal 
stored and outputted by SRL RSL1 is of a low logic state 
(e.g., 0). The signal stored and outputted by the second 
SRL RSL2 in the LSSD scan chain 102 may be the comple- 
ment of the signal stored and outputted by the first SRL 
RSL1. As stated, in a similar manner, data may be stored 
and outputted by each of the remaining SRLs RSL3-RSL7 
of the LSSD scan chain 102. For example, assuming the 
LSSD scan chain 102 is non-defective, the values stored in 



and outputted by RSL7-RSL1 are 0, 1, 0, 1, 0, 1 and 0, re- 
spectively. The value stored in the LSSD scan chain 102 
may be unloaded and observed in the manner described 
above. 

[0043] FIG. 6 illustrates first exemplary values stored in a first 

exemplary defective scan chain (e.g., LSSD scan chain) us- 
ing the method of FIG. 3. The first exemplary defective 
LSSD scan chain 602 is similar to the LSSD scan chain 102 
of FIG. 4. However, the LSSD scan chain 602 includes a DC 
defect, such a stuck-@-0 defect. For example, the LSSD 
scan chain 602 may include a stuck-@-0 defect between 
the third SRL RSL3 and fourth SRL RSL4. 

[0044] Because an XOR gate 202 is coupled to a latch included in 
one or more SRLs 200 of the LSSD scan chain 602, a first 
test mode of one or more latches (e.g., latches included in 
the SRLs RSL1-RSL7) included in the LSSD scan chain 602 
is modified. One or more latches included in the LSSD 
scan chain 602 may be operated in the modified first test 
mode (e.g., modified flush mode). For example, a Ripple 
Flush "0" may be performed. More specifically, one or 
more latches included in the LSSD scan chain 602 (e.g., 
latches whose first test modes are modified), and there- 
fore, the LSSD scan chain 602, may be operated in the 



modified first test mode while a signal of a low logic state 
(e.g., 0) is applied to the input 604 of the LSSD scan chain 
602. As described above, the values stored in and out- 
putted by the first through third SRLs RSL1-RSL3 are 1, 0 
and 1, respectively. In a non-defective LSSD scan chain 
102, the output of a previous portion 106, 108 (e.g., SRL 
200) of the LSSD scan chain 102 is inputted by an adja- 
cent following portion 106, 108 (e.g., SRL 200) of the 
LSSD scan chain 602. However, due to the stuck-@-0 de- 
fect in the LSSD scan chain 102, a signal of a low logic 
state (e.g., 0) is inputted to the fourth SRL RSL4 of the 
LSSD scan chain 602 regardless of the signal outputted by 
the third SRL RSL3. Because the remaining section of the 
LSSD scan chain 602 is non-defective, the fourth through 
seventh SRLs RSL4-RSL7 will operate as described above 
in FIG. 4. Therefore, the values stored in and outputted by 
the fourth through seventh SRLs RSL4-RSL7 are 1, 0, 1 
and 0, respectively. In this manner, values, such as initial 
values, may be stored in the defective LSSD scan chain 
602 (e.g., the LSSD scan chain 602 may be initialized). 
[0045] one or more latches included in the LSSD scan chain 602 
may be operated in a second test mode. For example, ev- 
ery SRL RSL1-RSL7 included in the LSSD scan chain 602, 



and therefore LSSD scan chain 602, may be operated in a 
scan mode. In this manner, data may be unloaded and 
observed (e.g., by observing the signals provided at the 
output 610 of the LSSD scan chain 602) from the LSSD 
scan chain 602. For example, the values (e.g., first seven 
values) unloaded from the defective LSSD scan chain 602 
may be 0, 1, 0, 1, 1, 1 and 1. In contrast, as described 
with reference to FIG. 4, the values unloaded from a non- 
defective LSSD scan chain 102 similar to the LSSD scan 
chain 602 are 1, 0, 1, 0, 1, 0 and 1. Therefore, the values 
unloaded from the defective LSSD scan chain 602 do not 
accurately reflect the values stored in SRLs RSL1-RSL7 of 
the LSSD scan chain 602 nor the values that should be 
stored in the LSSD scan chain 602 if it is non-defective. As 
will be described below, the values unloaded from the 
LSSD scan chain 602 after a Ripple Flush "0" may be used 
(e.g., in part) to isolate a defect in the LSSD scan chain 
602. 

[0046] Similarly, FIG. 7 illustrates second exemplary values 

stored in the first defective LSSD scan chain 602 using the 
method of FIG. 3. As described above, a first test mode of 
one or more latches included in the LSSD scan chain 602 
may be modified. One or more latches included in the 



LSSD scan chain 602 may be operated in the modified first 
test mode (e.g., modified flush test mode). In contrast to 
the method described with reference to FIG. 6, a Ripple 
Flush "1" may be performed. More specifically, one or 
more latches included in the LSSD scan chain 602 (e.g., 
latches whose first test modes are modified) may be oper- 
ated in the modified first test mode (e.g., modified flush 
test mode) while a signal of a high logic state (e.g., 1) is 
applied to the input 604 of the LSSD scan chain 602. As 
described above, the value stored in and outputted by the 
first through third SRLs RSL1-RSL3 are 0, 1 and 0, respec- 
tively. Due to the stuck-@-0 defect, a signal of a low logic 
state (e.g., 0) is always inputted to the fourth SRL RSL4 re- 
gardless of the signal outputted by the third SRL RSL3. 
Because the remaining section of the LSSD scan chain 602 
is non-defective, the values stored in and outputted by 
the fourth through seventh SRLs RSL4-RSL7 are 1, 0, 1 
and 0, respectively. In this manner, the defective LSSD 
scan chain 602 may be initialized. 
[0047] As described above, one or more latches included in the 
LSSD scan chain 602 may be operated in a second test 
mode (e.g., scan mode). For example, every SRL 
RSL1-RSL7 may be operated in the scan mode to unload 



and observe data from the LSSD scan chain 602. In this 
example, the values (e.g., first seven values) unloaded 
from the defective LSSD scan chain 602 may be 0, 1, 0, 1, 
1, 1 and 1. In contrast, as described with reference to FIG. 
5, the values unloaded from a non-defective LSSD scan 
chain 102 similar to the LSSD scan chain 602 after a Rip- 
ple Flush "1" are 0, 1, 0, 1, 0, 1 and 0. Therefore, the val- 
ues unloaded from the defective LSSD scan chain 602 do 
not accurately reflect the values stored in SRLs RSL1-RSL7 
of the LSSD scan chain 602 nor the values that should be 
stored in the LSSD scan chain 602 if it is non-defective. 

[0048] By employing (e.g., comparing) the values unloaded from 
the defective LSSD scan chain 602 after a Ripple Flush "0" 
(e.g., 0, 1, 0, 1, 1, 1 and 1) and a Ripple Flush "1" (e.g., 0, 
1, 0, 1, 1, 1 and 1), and comparing them to corresponding 
values from a "good machine" (e.g., a non-defective LSSD 
scan chain) for a Ripple Flush "0" (e.g., 1, 0, 1, 0, 1, 0 and 
1) and a Ripple Flush "1" (e.g., 0, 1, 0, 1, 0, 1 and 0), a 
designer may isolate a defect (e.g., a defect closest to the 
LSSD scan chain 602 output) in the LSSD scan chain 602. 

[0049] FIG. 8 illustrates first exemplary values stored in a second 
exemplary defective scan chain (e.g., LSSD scan chain) us- 
ing the method of FIG. 3. The second exemplary defective 



LSSD scan chain 802 is similar to the LSSD scan chain 102 
of FIG. 4. However, the LSSD scan chain 802 includes a DC 
defect, such as a stuck-@-l defect. For example, the LSSD 
scan chain 802 may include a stuck-@-l defect between 
the third SRL RSL3 and fourth SRL RSL4. The input of the 
fourth SRL RSL4 may be shorted to a high voltage (e.g., 
Vdd). 

[0050] while using the method of FIG. 3 to isolate a defect in the 
LSSD scan chain 802, one or more latches included in the 
LSSD scan chain 802, and therefore, the LSSD scan chain 
802, may be operated in a modified first test mode (e.g., 
modified flush test mode). For example, a Ripple Flush "0" 
may be performed. More specifically, one or more latches 
(e.g., latches whose first test modes are modified) in- 
cluded in the LSSD scan chain 802, and therefore, the 
LSSD scan chain 802 may be operated in the modified first 
test mode while a signal of a low logic state is applied to 
the input 804 of the defective LSSD scan chain 802. As 
described above, the values stored in and outputted by 
the first through third SRLs RSL1-RSL3 (e.g., a non- 
defective portion of the LSSD scan chain 802) are 1, 0 and 
1, respectively. Due to the stuck-@-l defect between the 
third SRL RSL3 and fourth SRL RSL4, a signal of a high 



logic state (e.g., 1) is inputted to the fourth SRL RSL4 re- 
gardless of the signal outputted by the third SRL RSL3. 
Therefore, the fourth through seventh SRLs RSL4-RSL7 in- 
cluded in the remaining non-defective section of the de- 
fective LSSD scan chain 802 may store and output (e.g., 
via output 810) values of 0, 1, 0 and 1, respectively. In 
this manner, the defective LSSD scan chain 802 may be 
initialized. 

[0051] one or more latches included in the LSSD scan chain 802 
may be operated in a second test mode (e.g., scan mode) 
to unload and observe data from the defective LSSD scan 
chain 802. For example, the values unloaded from the de- 
fective LSSD scan chain 802 after a Ripple Flush "0" may 
be 1, 0, 1, 0, 0, 0 and 0. The unloaded values do not ac- 
curately reflect the values stored in the latches during ini- 
tialization. Such unloaded values may be used to isolate a 
defect in the LSSD scan chain 802. 

[° 052 ] Similarly, FIG. 9 illustrates second exemplary values 

stored in the second defective LSSD scan chain 802 using 
the method of FIG. 3. While using the method of FIG. 3 to 
isolate a defect in the LSSD scan chain 802, one or more 
latches included in the LSSD scan chain 802 (e.g., latches 
whose first test modes are modified), and therefore the 



LSSD scan chain 802, may be operated in a modified first 
test mode (e.g., modified flush test mode). For example, a 
Ripple Flush 'T'may be performed. For the reasons de- 
scribed above, the values stored in the first through third 
SRLs RSL1-RSL3 after the Ripple Flush "1" are 0, 1 and 0, 
respectively; and the values stored in the fourth through 
seventh SRLs RSL4-RSL7 after the Ripple Flush 'Tare 0, 1, 
0 and 1, respectively. In this manner, the defective LSSD 
scan chain 802 may be initialized. 
[0053] As described above, one or more latches included in the 
LSSD scan chain 802 may be operated in a second test 
mode (e.g., scan mode) to unload and observe data from 
the LSSD scan chain 802. For example, by operating the 
defective LSSD scan chain 802 in the scan mode, the val- 
ues 1, 0, 1, 0, 0, 0 and 0 may be unloaded from the LSSD 
scan chain 802. In contrast, as described with reference to 
FIG. 5, the values unloaded from a similar scan chain 102 
(e.g., non-defective version of the defective LSSD scan 
chain 802) after a Ripple Flush "1" are 0, 1, 0, 1, 0, 1 and 
0. By comparing the values unloaded from the defective 
LSSD scan chain 802 after a Ripple Flush "0" (e.g., 1, 0, 1, 
0, 0, 0 and 0) and a Ripple Flush "1" (e.g., 1, 0, 1, 0, 0, 0 
and 0), and comparing them to corresponding values from 



a "good machine"(e.g., a non-defective LSSD scan chain) 
for a Ripple Flush "0" (e.g., 1, 0, 1, 0, 1, 0 and 1) and a 
Ripple Flush "1" (e.g., 0, 1, 0, 1, 0, 1 and 0), a designer 
may isolate a defect, (e.g., the defect closest to the LSSD 
scan chain 802 output) in the defective LSSD scan chain 
802. 

[0054] FIG. 10 is a block diagram of a second exemplary latch 
circuit 1000 which may be included in a LSSD scan chain 
in accordance with an embodiment of the present inven- 
tion. The second exemplary latch circuit 1000 may include 
and be similar to a conventional master/slave latch. How- 
ever, in contrast to the conventional master/slave latch, 
the second exemplary latch circuit 1000 may include an 
LI latch 1002 coupled to an L2 latch 1004 via a logic de- 
vice, such as an exclusive-OR (XOR) gate 1006. More 
specifically an output of the LI latch 1002 may be coupled 
to an input of the XOR gate 1006. A clock signal, such as 
a clock signal (e.g., a-clk) used for capturing data (e.g., 
data received from the scan in input of the LI latch 1002) 
in the LI latch 1002, may be coupled to an input of the 
XOR gate 1006. The output of the XOR gate 1006 may be 
coupled to an input of the L2 latch 1004. When a-clk is 
asserted (e.g., is of a high logic state), the XOR gate 1006 



serves as an inverter. More specifically, when a-clk is as- 
serted, the XOR gate 1006 may receive as input the output 
of the LI latch 1002, and output a complementary value 
to the L2 latch 1004 as input. 

[0055] Because the output of the L2 latch 1004 may be the out- 
put of the second exemplary latch circuit 1000, the com- 
plement of the value outputted by the LI latch 1002 may 
be outputted by the second exemplary latch circuit 1000. 

[0056] The output of the LI latch 1002 may serve as the func- 
tional output the second exemplary latch circuit 1000. Al- 
ternatively, the output of the L2 latch 1004 may serve as 
the functional output of the second exemplary latch cir- 
cuit 1000. Typically, the L2 latch output is used as a func- 
tional output, but both LI & L2 latch outputs could also 
be used as functional outputs. FIG. 11 is a block diagram 
of a first exemplary scan chain (e.g., LSSD scan chain 
1100) including one or more second exemplary latch cir- 
cuits 1000. For example, the first exemplary LSSD scan 
chain 1100 may include a first second exemplary latch 
circuit 1000 coupled to a second, second exemplary latch 
circuit 1010. More specifically, the output of the first sec- 
ond exemplary latch circuit 1000 serves as the scan input 
of the second, second exemplary latch circuit 1010. The 



first exemplary LSSD scan chain 1100 may include a de- 
fect, such as a stuck-@-0 defect, after an L2 latch of a 
second exemplary latch circuit included in the LSSD scan 
chain. For example, the first exemplary LSSD scan chain 
1100 may include a stuck-@-0 defect on the output of 
the L2 latch 1004 included in the first second exemplary 
latch circuit 1000. Using the method described above, a 
defect, such as a stuck-@-0 defect, may be isolated to a 
latch (e.g., a second exemplary latch circuit 1000, 1010) 
included in the first exemplary LSSD scan chain 1100. Be- 
cause the details of the method 300 were described 
above, they are not described again herein. 
[0057] while operating one or more latches included in a LSSD 

scan chain (e.g., latches whose first test modes are modi- 
fied) in a modified first test mode (e.g., modified flush 
test mode) in accordance with the method 300, a corre- 
sponding clocking scheme may be used. More specifically, 
while operating one or more latches included in a LSSD 
scan chain in the modified first test mode, a clock signal 
which is inputted by a logic device (e.g., XOR gate) in- 
cluded in the LSSD scan chain, may be disasserted after 
other clock signals. For example, to diagnose and test 
and/or isolate a defect in the LSSD scan chain 1100, while 



operating the latches (e.g., second exemplary latch cir- 
cuits 1000, 1010) in a modified flush test mode, b/c2-clk 
may be disasserted before a-clk. Thereafter, while operat- 
ing one or more latches included in the LSSD scan chain 
1100 in a second test mode (e.g., scan mode) in accor- 
dance with the method 300, an appropriate clocking 
scheme may be used. More specifically, a clocking scheme 
may be used such that data stored in the LSSD scan chain 
1100 (while operating one or more latches included in the 
LSSD scan chain 1100 in the first test mode) may be un- 
loaded and/or observed while operating one or more 
latches in the LSSD scan chain 1100 in the second test 
mode. For example, non-overlapping pulses for a-clk and 
b/c2-clk may be used. 

[0058] other defects, such as a stuck-@-l defect, after an L2 
latch 1004 of a second exemplary latch circuit 1000 in- 
cluded in a LSSD scan chain 1100 may be isolated in a 
similar manner. 

[0059] FIG. 12 is a block diagram of a second exemplary scan 

chain (e.g., LSSD scan chain 1200) including one or more 
second exemplary latch circuits 1000 (only one shown). 
Similar to the LSSD scan chain 1100 of FIG. 11, the second 
exemplary LSSD scan chain 1200 may include a plurality 



(only one shown) of catenated second exemplary latch cir- 
cuits 1000. The second exemplary LSSD scan chain 1200 
may include a stuck-@-0 defect on the output of an LI 
latch 1002 of a second exemplary latch circuit 1000 (only 
one shown) included in the LSSD scan chain 1200. As 
stated, using the method 300, a defect, such as a stuck- 
@-0 defect, may be isolated to a latch (e.g., a second ex- 
emplary latch circuit 1000) included in the LSSD scan 
chain 1200. Because the details of the method 300 were 
described above, they are not described again herein. 
Similar to the method described with reference to FIG. 11, 
while operating one or more latches included in a LSSD 
scan chain (e.g., latches whose first test modes are modi- 
fied) in a modified test mode (e.g., modified flush test 
mode) in accordance with the method 300, a correspond- 
ing clocking scheme may be used. For example, to diag- 
nose and test and/or isolate a defect in the LSSD scan 
chain 1200, while operating the latches (e.g., second ex- 
emplary latch circuits 1000) in a modified flush test mode, 
b/c2-clk may be disasserted before a-clk. 
[0060] while operating one or more latches included in the LSSD 
scan chain 1200 in a second test mode (e.g., scan mode) 
in accordance with the method 300, an appropriate clock- 



ing scheme may be used. More specifically, a clocking 
scheme may be used such that data stored in the LSSD 
scan chain 1200 (while operating one or more latches in- 
cluded in the LSSD scan chain 1200 in the first test mode) 
may be unloaded and/or observed while operating one or 
more latches in the LSSD scan chain 1200 in the second 
test mode. For example, non-overlapping pulses for a-clk 
and b/c2-clk may be used. 
[0061] other defects, such as a stuck-@-l defect, after an LI 

latch 1002 of the second exemplary latch circuit 1000 in- 
cluded in the LSSD scan chain 1200 may be isolated in a 
similar manner. Through the use of one or more second 
exemplary latch circuits 1000 and the method 300, a de- 
fect may be isolated to a second exemplary latch circuit 
1000 included in a LSSD scan chain 1200. Further, a user 
may observe the output of the LSSD scan chain between 
a-clk and b-clk on each scan cycle to further isolate the 
defect to either the LI or L2 latch and/or associated cir- 
cuitry of the second exemplary latch circuit 1000. Simi- 
larly, in a preferred embodiment, through the use of one 
or more catenated first exemplary latch circuits 200 and 
the method 300, a defect may be isolated to a first exem- 
plary latch circuit 200 included in a LSSD scan chain 102, 



602, 802. The XOR gates included in such a LSSD scan 
chain are in the scan paths of the first exemplary latch 
circuits and do not introduce delays to the functional path 
of the first exemplary latch circuits in the LSSD scan 
chains. 

[0062] FIG. 13 is an exemplary embodiment of the first latch cir- 
cuit 200 of FIG. 2 (referred to by reference numeral 1300 
in FIG. 13) in accordance with an embodiment of the 
present invention. With reference to FIG. 13, the first latch 
circuit 1300 includes an LI latch 1302, which may receive 
one or more versions of cl-clk (e.g., not cl-clk) as input, 
coupled to an L2 latch 1304. The first latch circuit 1300 
includes an XOR gate 1306 coupled to the LI latch 1302. 
The XOR gate 1306 is coupled to a scan.in port of the LI 
latch 1302 and receives a version of b/c2-clk (e.g., not b/ 
c2-clk) as input. The first latch circuit 1300 may function 
as described above with reference to FIG. 2. 

[0063] The foregoing description discloses only exemplary em- 
bodiments of the invention. Modifications of the above 
disclosed apparatus and methods which fall within the 
scope of the invention will be readily apparent to those of 
ordinary skill in the art. For instance, although in one or 
more of the above embodiments, a structural scan design, 



such as LSSD is implemented, in other embodiments, 
other scan configurations such as General Scan Design 
(GSD) may be implemented. Further, although in the 
above embodiments, the exemplary latch circuits may be 
similar to master/slave SRL configuration, in other em- 
bodiments, the exemplary latches circuits may be similar 
to other latch configurations. Further, although in the 
above embodiments, the present method is performed on 
a LSSD scan chain, in other embodiments, the present 
method may be performed on multiple LSSD scan chains 
included in a LSSD circuit design simultaneously. 
[0064] Although in one or more of the above embodiments, every 
latch included in a LSSD scan chain is a modified LSSD 
SRL, in other embodiments, one or more latches included 
in a LSSD scan chain may be a modified LSSD SRL in ac- 
cordance with the present apparatus and methods. The 
one or more modified LSSD SRLs may be coupled to and/ 
or integrated in a macro included in the LSSD scan chain 
or independent of the macro. Further, although in one or 
more of the above embodiments, an exemplary latch cir- 
cuit and a corresponding clocking scheme are used to 
perform the present methods, in other embodiments, 
other exemplary latch circuit configurations and corre- 



sponding clocking schemes and clock polarities may be 
used to perform the present methods. Although in one or 
more embodiments, the modifications to the exemplary 
latch circuit (e.g., SRL) may be integrated in the SRL, in 
other embodiments, the modification may be external to 
the SRL. Further, although in one or more embodiments, 
the present apparatus and methods may be used to iso- 
late DC defects, such as stuck-@-0 and stuck-@-l de- 
fects, in other embodiments, the same and/or other de- 
fects in a LSSD scan chain may be isolated. For example 
AC defects, such as slow-to-rise, slow-to-fall, cross- 
coupling and noise disturbs, may be isolated in a LSSD 
scan chain. Further, the present methods and apparatus 
may be further enhanced and extended to diagnose simi- 
lar DC and AC defects encountered in built-in self-test 
(BIST) structures which incorporate On-Product Clock 
Generation (OPCG) support, for example. 
[0065] The present methods and apparatus do not require addi- 
tional wiring (e.g., because a clock signal may be used for 
activating a logic device included in a latch circuit). The 
present methods and apparatus have a minimal impact on 
system critical paths, because the functional mode data 
path (e.g., system data path) may not be altered. Further, 



the impact on chip real-estate is small. Existing circuit 
designs may be re-spun to replace standard scannable 
latches with the apparatus (e.g., latch circuits 200, 1000) 
of the present invention. 

[0066] once a defect has been isolated using the present meth- 
ods and apparatus Physical Failure Analysis (PFA) may be 
performed. PFA is known to one of skill in the art and is 
not described herein. 

[0067] The present methods and apparatus are applicable to 
manufacturing test and diagnosis of scan chain defects. 
Such defects may be isolated to a failing latch. The 
present methods and apparatus may be performed during 
the test process of most scan based designs to isolate 
(e.g., pinpoint) systematic and/or random faults or de- 
fects. The present methods and apparatus may be auto- 
mated on a test system. Further, the present methods and 
apparatus may be consistent with a flush delay test and 
compatible with a flush delay measurement. 

[0068] Accordingly, while the present invention has been dis- 
closed in connection with exemplary embodiments 
thereof, it should be understood that other embodiments 
may fall within the spirit and scope of the invention, as 
defined by the following claims. 



